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This invention relates to electrical circuits 
and more particularly to timing circuits. 

Tn many applications of timing circuits it is 
desirable to produce a second indication a pre- 
determined time after a first indication. . The 
time interval between the two indications in 
many cases must be variable and may have to be 
accurate to a very small interval of time, for 
example, one microsecond or less. 

One example of this use of a timing circuit is 
in the display of range information on a cathode 
ray tube. In this application target pips appear 
on a sweep or time base, and the distance from 
the start of the sweep to a target pip is a measure 
of the distance to the target. Since the time 
base may have to cover a relatively long interval 
of time, it is desirable to have some means of 
causing an indication to coincide with the target 
and have the controls that cause the movement 


to the target. The method just described is 
usually a much more accurate method of meas- 
uring the range to the target than is the method 
of reading the range from calibrations on the 
cathode ray tube screen. 

It may be desirable at times to select a portion 
of the time base of one cathode ray tube and 
present this portion to an expanded scale on a 
second cathode ray tube. This may be used to 
increase the accuracy of the method of range 
measurement described above, or it may be used 
when an indication or a group of indications 
on the fìrst cathode ray tube is to be isolated for 
closer inspection. | 

It is an object of this invention, therefore, to 
present a circuit for producing a second indica- 
tion at a time after a first indication, the time 
interval between said indications being continu- 
ously adjustable and the length of said time 
interval being accurately indicated on suitable 
indicating means. | 

Another object of this invention is to provide 
a circuit employing the invention for displaying 
information on two or more cathode ray tubes, 
one or more of these cathode ray tubes present- 
ing a portion of the time base presented by one 
or more of the other cathode ray tubes. ` 

Tn accordance with the present invention, 
there is provided a means for introducing a first 
indication or pulse. This first pulse activates a 
delay circuit that produces a first control pulse 
at a predetermined time after the first indication. 
The time between the first indication and the 
first control pulse is variable in steps. The first 
control pulse is used to activate a vernier delay 


- 6f this indication calibrated to read the range : 
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circuit. This vernier circuit produces a second 
control pulse. The time interval between the 
first and second control pulses is continuously 
variable from zero to at least the time repre- 
sented by the longest interval between consecu- 
tive control pulses of the step delay circuit. The 
second control pulse is used to cause a second 
indication. A suitable indicator means is. asso- 
ciated with the step delay circuit and the vernier 
delay circuit to indicate the time interval between. 
the first indication and the second indication. 

For a better understanding of the ‘invention, 
together with other and further objects thereof, 
reference is had to the following description, 
taken in connection with the accompanying 
drawings, and the scope of the invention will be 
pointed out in the appended claims. 

In the accompanying drawings, 

Fig: 1 is a block diagram of a system in which 
one form of the invention is incorporated; 

Fig. 1A is a second view of the cathode ray. tube 
screens shown in Fig. 1; | | 

Fig. 2 is a block diagram of one embodiment 
of the invention showing the relationship of the 
various component parts of the invention, and 

Fig. 3 is a set of theoretical curves that may 
be obtained from the circuit of Fig. 2. 

Referring now more particularly to Fig. 1, 
there is shown a system block diagram which 
includes one embodiment: of the invention. 
Mainly, the invention is incorporated in a block 
5 marked range selector in Fig. 1. Two cathode 
ray tubes 6 and T are employed to display the 
desired information such as the range to a target 
or the time interval between the time a pulse is 
radiated from a radio set and the time an echo 
is received by the radio set. In the example 
illustrated by Fig. 1 cathode ray tube 6 is con- 
nected as an “A scope,” that is, the electron 
beam is made to travel across the cathode ray 
tube screen at a substantially uniform rate to 
form what is known as a time base. The dis- 
tance from the start of the trace on the screen 
to any point on the trace represents a fixed in- 
terval of time. Some form of indication such 
as а pip is made to appear on this time base at 
the time an echo is received at the receiver. The 


. position of the pip on the time base represents 


50 


55 


the elapsed time between the time a pulse is 
transmitted from the radio set and the time an 
echo is received from a target. The time base 
on cathode ray tube 6 is made to represent a 
relatively long time. interval, usually equal to 
the greatest time interval between pulse and 
echo likely to be encountered in the particular 


3 
radio system being considered. Cathode ray tube 
Tis connected as an “R scope” in that it has a time 
base similar to the “A scope,” but a gate or de- 
pression is made to appear in the sweep. The 
gate may be made to move across the time base 
at the will of the operator. In this instance 
the “R scope” T is made to display on an expanded 
scale a selectable portion of the time base of 
the “A scope” 6. Receiver 8 converts the re- 
ceived target echoes into the video signals that 
are applied to cathode ray tubes 6 and 7. Re- 
ceiver 8 also contains a channel capable of being 
gated in time. "The gate to activate this channel 
of receiver 8 is supplied by range selector 5. 
Range selector 5 also supplies a gate to. cathode 
ray tubes 6 and T. This gate appears much 
wider on “R scope” T than it does on “A scope” 
6 due to the expanded time scale of “R, Scope" 1. 
Fig. 1 shows the appearance of the “A scope” 
6 and “R scope” 7 when the depression on the 

."R scope" time base, caused by the gate from 
range selector 5, does not coincide with the target 
pip, and Fig. 1A shows the appearance of “A 
scope” 6 and “R scope" T when the depression 
and the target pip coincide. The means. by 
which the depression and target pip are made 
to. coincide and the means by which the portion 
of the “A” time base is selected is the subject 
of’ one embodiment of this invention and will 
be fully described in connection with Figs. 2 
and 3. ` 

Referring now to Fig, 2, there. is shown in block 
diagram form the circuit arrangement contained 
in the range selector 5 of Fig. 1. “R Scope" 7 
of Fig. 1 is also included in the arrangement in 

. Fig. 2 as it will be referred to in the description 

of Fig. 2. Certain parts in Fig. 2 are shown in 

Schematic form. to facilitate the description of 

this. circuit. In these schematic drawings only 
connections essential to the understanding of 
ihe invention are Shown, and, therefore, such 

details of circuit construction as coupling ca- 
pacitors, grid resistors, suppressor grids, and so 
forth are not shown. It is to be understood. that 


the following description presents a preferred i: 


embodiment of the invention, and at certain 
points wave forms and time intervals will be 
referred to. It is not intended that. the wave 
forms shown or the time intervals’ indicated 
should be interpreted as limiting the invention 
to. the values shown. 

A gate generator 9 is coupled to a. range mark 
generator 10. This gate generator 9 is capable 
of producing at its output a relatively long volt- 


age pulse or gate beginning at the time a suit- | 


able trigger is applied to the generator 9. The 
pulse generator 10 is a gated oscillator for pro- 
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ducing sharp. voltage peaks at predetermined 


intervals of time. This oscillator 10 may be 
any of the types well known to the art, and. it 
is made operative by a gate from generator 9. 
The output of generator 10 is fed to a grid. 11 
whieh is one of two grids of coincidence tube 
12. The other grid is identified by the number 
I3. This coincidence tube: {2 operates in a man- 
ner well known to the art in that a signal must 
be present on the grid ii and the grid 13 before 
an output is obtained at.anode 14. ; 

Gate generator 9 is also connected to saw tooth 


generator 15 which is also made operative by 7 


a voltage pulse or gate from the generator 9. 
The time duration of the gate applied to gen- 
erator {5 will usually be of approximately the 
same time duration as the gate applied to range 
mark generator 10. The output of this saw tooth 
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ë 
generator {5 is applied to a cathode {6 of an 
electron tube 18. | 

A tapped resistor 18 is connected as a voltage 
divider between a source of constant direct cur- 
rent potential and some fixed reference potential. . 
The polarity and magnitude of this voltage will ` 
depend on the details of the circuits used in 
connection. with this resistor; but for facility 
in explanation, one end 19 of this resistor is 
connected to'a fixed positive potential, and a 
second end 20 of this resistor 18 is connected to 
ground. As several of the taps of this resistor 
will be referred to later, three of.the taps are 
given the numbers 26, 21, and 28.. A contact 
arm 29 may be made to connect point 31 to any 
of the taps of the resistor 18. -The point 31 is 
connected to a grid 32 of a vacuum tube 33. 
Vacuum tube 33 is connected as a conventional 
cathode follower so that the potential of a cath- 
ode 34 of this tube will vary with the potential 
on the grid 32. This cathode 34 is connected 
to grid 36 of vacuum tube IT. Anode 37 of tube 
{7 is coupled to multivibrator 38 by suitable 
means. This multivibrator 38 is of the type that 
is normally inoperative but when triggered: by 
a, pulse, it. forms a second pulse. The time dura- 
tion of this second pulse is determined by the 
circuit. constants of the multivibrator 38. . This 
type of multivibrator is known to the art.as a 
"start-stop" or a “one-shot” multivibrator. The 
output of the multivibrator 38 is applied to: the 
grid 13 of the tube 12... Anode 14 of coincidence 
tube {2 is connected to a sweep generator 40. 
The output of this generator is usually a saw 
tooth wave form and is used to form the sweep 
or time base of the “R scope” T. Anode. 14 of 
coincidence tube. (2 is also connected to a sec- 
ond start-stop . multivibrator 42. The. time 
duration of the pulse from this multivibrator is 
controlled by the position of an arm 43 on а. 
potentiometer 44. Potentiometer 44 is part of 
the circuit of multivibrator 42 but is shown ex- 
ternally, as its function is to be described in 
détail in.connection with the operation of the 
arrangement shown in Fig. 2. 

Potentiometer 44 is connected between a fixed 
positive voltage and ground. 'This potentiom- 
eter is so constructed that the contact arm 43 
may move continuously from end.45 around the 
resistor to end 46 and then pass directly to end 
45. It may also be moved in the reverse direc- 
tion. Since the use of this device to cause a 
variation in the width of a pulse from a multi- 
vibrator is well known to the art; it will not be 
described further. r 

The output of multivibrator 42 is fed to a 
third start-stop multivibrator 41. and the output 
of multivibrator 47 is connected to the “R, scope" 
T. The output: of multivibrator AT is also fed 
to “A scope” 6 shown in Fig. I and to receiver 
8 also shown in Fig. 1. It is recognized that 
modifications could be made in the circuit ar- 
rangement as described without departing from 
the basic idea of the invention. It is further 
recognized: that the actual. method of connecting 
resistor [8, tube 33, and tube IT may be done 
in many ways without changing the function 
performed by these elements. Multivibrators.28, 
42, and 41 have been referred to as “start-stop” 
multivibrators and the action of this type of 
multivibrator described. Tt is recognized that a 
type of multivibrator known as the unbalanced 
multivibrator in which one half of the cycle is 
so long compared to the time intervals used in 
this application that it may be considered a start- 


2,644,156 


5 

stop multivibrator and may be substituted for 
the start-stop multivibrator in many applica- 
tions. If this is the case, the connections of 
resistor 44 might require modification, but the 
modifications. necessary are well understood to 
those skilled in the art and will not be described 
here. 

Referring now to Fig. 3, there is shown a set 
of wave forms that might be obtained from the 
circuit arrangement of Fig. 2. The operation of 
the apparatus of Fig. 2 may be better under- 
stood by reference to the wave forms shown in 
Fig. 3. For convenience of reference the wave 
forms are numbered in Fig. 3 and corresponding 
numbers are shown in Fig. 2, showing the point 
where these wave forms might be obtained. 

“ Wave form 69 is the output of gate generator 
9 and is the gate applied to both range mark 
generator 10 and saw tooth generator 15. The 
number 61 designates a predetermined reference 
time during the operation of the apparatus shown 
in Fig. 2. The pulse that is applied to gate gen- 
erator 9 occurs at time 61. The number 62 on 
this and successive wave forms indicates a break 
in time since there is not sufficient space avail- 
able to show all wave forms completely at the 
same time scale. The gate formed in wave form 
60 continues for a time approximately equal to 
the longest delay that the apparatus is required 


to produce. Wave form 63 is the output of pulse ¢ 


generator 10 and comprises a series of pulses. 
These pulses occur at predetermined intervals 
of time. The output of saw tooth generator 15 
is a negative going saw tooth described by wave 
form 64. This wave form is such that cathode 16 
of tube iT is at a potential above grid 36 suf- 
ficient to cause tube 17 to be cut off. Since the 
saw tooth of wave form 64 goes in a negative 
direction, the potential of cathode 16 with respect 
to some fixed reference potential will decrease 
with time. Wave form 66 indicates the potential 
of the grid 36 above a point of reference potential 
67 for a particular setting of contact arm 29. In 
this example it is assumed that contact arm 29 
is in contact with point 26. Wave forms 66’ and 
66” indicate the potential of grid 36 as contact 
arm 29 is moved to contacts 27 and 28 respec- 
tively. Potential difference 68 indicates the 
critical potential of the cathode 16 above the grid 
36 just sufficient to cause the tube to be cut off. 
This occurs at times marked by numbers 69, 69’, 
and 69” during the operation of the apparatus 
in Fig. 2. It will be seen that before time 69, 
the cathode 16 is above the grid 36 by an amount 
greater than the critical potential 68. Therefore, 
the tube {7 is cut off. Wave form TÍ shows the 
potential on anode 37 of tube IT. Anode 37 is at 
B+ potential when the tube is cut off but after 
time 69 on curve TÍ, the tube IT starts to con- 
duct, and anode 37 drops in potential. This drop 
in ‘potential is used to trigger multivibrator 38. 
The output of multivibrator 38 is shown as wave 
form 12. The output wave form T2 of multi- 
vibratar 38 has a positive pulse that begins at 
time 69 when contact arm 29 is ìn contact with 
point 26. -69’ and 69” indicate the time that the 
drop would occur if contact arm 29 were moved 
to points 27 and 28 respectively. At a time T3 
a positive voltage will be present on grids іі and 


{3 of vacuum tube 12 so that tube 12 conducts. 7 


Anode 14 drops in potential as shown by wave 
form 14. 13’ and 13” indicate the times that the 
respective drops will occur when contact arm 29 
is moved to points 27 and 28 respectively. It will 
be noted that time 13 or 13’ or 13”, as the case 
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may be, always occurs at a time NT after the 
reference time 61 where N is an integer and T is 
the time between any two pulses in the output 
of pulse generator 10. The portion of the inven- 
tion described to this point is referred to as a 
step delay apparatus. 

The pulse that occurs in wave form 74 is used 
to trigger multivibrator 42.. The output of this 
multivibrator is a pulse that may be similar to 
the wave form numbered 77. The pulse in this 


‘wave form begins at time 73 and continues for a 


time interval that may be varied so that the end 
of the pulse may lie anywhere between time T9 
and time 80. The time duration of the pulse is 
determined by the setting of contact arm 43 on 
potentiometer 44. With the tap at one end of the 
resistor 44 the pulse will end at time T9, and with 
the tap at the other end the pulse will end at time 
80. Intermediate settings of arm 43 will cause 
the pulse to end at intermediate times. The cir- 
cuit comprising multivibrator 42 and resistor 44 
is a vernier delay circuit that provides a continu- 
ous delay over a time interval equal to the longest 
step produced by the step delay circuit. The end 
of the pulse in wave form 117 is utilized to trigger 
multivibrator 47. The output of multivibrator 
41 is a negative pulse 84 as shown in wave form 
82. The width of the pulse 84 in wave form 82 
will depend on the design of the circuit of multi- 
vibrator 47 and the particular application in 
which this circuit is used. It is obvious that the 
time at which the pulse 84 appears in wave form 
82 depends on two variable factors, the position 
of tap 29 on resistor 18 and the position of tap 
43 on resistor 44. To adjust the time delay be- 
tween time 6i and the pulse 84 in wave form 82, 
tap 29 is moved in steps to give a rough adjust- 
ment of the time delay; and then resistor 43 is 
adjusted to give the exact time delay desired. 
This is similar to the problem of obtaining a 


' resistance of, say, 97 ohms on a decade resist- 


ance box. In this problem the fìrst setting is the 
coarse adjustment of 90 on the “tens” dial, and 
the second setting is 7 on the “units” dial. It is 
possible to have the value of resistor 44 vary in 
steps, but if the resistor is made continuously 
variable, the time delay is also continuously vari- 
able. 

It is a simple matter to apply the time delay 
circuit as described above to a system for meas- 
uring range or time delay on two or more cathode 
ray tubes. The output of coincidence tube 12 is 
used to trigger a saw tooth generator 40 of Fig. 
2. The output of this generator is shown as wave 
form 85 in Fig. 3. The saw tooth generated is 
used as the sweep on “R scope" T. It will be noted 
that the saw tooth in wave form 85 begins at the 
same time as the pulse in wave form 17. The out- 
put of start-stop multivibrator 41 of Fig. 2 is fed 
to “R scope" T in such a manner that a depres- 
sion will be formed in the time base of “R scope” 
T due to the pulse 84 in the output of multivibra- 
tor 47. The sweep for the “A scope” 6 of Fig. 1 
may be obtained from saw tooth generator 15 of 
Fig. 2 or any similar generator synchronized with: 
this generator 15. An added refinement in the 
use of this circuit is to mechanically couple re- 
sistors 44 and {8 so that the tap 29 on resistor 
18 moves one step for every revolution of tap 43 
on resistor 44. The coupling is so arranged that 
the tap 29 on resistor {8 moves at the instant 
that the tap 43 on resistor 44 crosses from the 
maximum point to the minimum point. This per- 
mits the continuous adjustment of the time delay 
from zero to the maximum limit using only one 
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control knob or handle. As was stated, this 
is only an added convenience, and the circuit 
could be made to operate satisfactorily if the 
resistors were not so coupled: 

The operation of the embodiment of the in- 
vention employed in range measuring circuits 
may best be understood by réference to the fol- 
lowing example. Let it be assumed that time 81 
is the time that a pulse of energy is radiated from 
the range measuring system. Assume further 
that a target appears at such a range that the 
echo reaches the receiver at a time after time 
61 equal to the time delay set by taps 43 and 28 
on resistors 44 and {8 plus half the time width 
of the pulse 84 in wave form 82. This will mean 
that the target pip on the “R scope” will be cen- 
tered in the depression in the time base formed 
by the pulse in wave form 82. This condition is 
Shown in Fig. 1-A. The range indicator that is 


mechanically coupled to resistors {8 and 44 may : 


be calibrated to read the range in yards or miles 
to the target. 

Suppose the range to the target is increasing 
so that the elapsed time between radiated pulse 


and received echo is increasing. Arm 43 of the 2 


potentiometer is moved so that the gate formed 
by pulse 84 in wave form 82 stays centered about 
the target pip. In this case, arm 29 of resistor 
{8 is assumed to be in contact with point 28. The 


sweep on the “R scope,” therefore, would start 3: 


at time T3. The target would appear near the 
: left hand edge of the screen on “R, scope” T and 
move across the time base from left to right. 
Suppose the range increases so that the pulse in 
wave form. 17 ended at time 80. This would 
means that contact arm 43 was at one end, say 
end 48, of resistor 44. The target pip would 
then be occurring at time 81. If the target con- 
tinued to move out in range and arm 43 of -po- 
tentiometer 44 was moved to follow the target, 
arm 43 would move from end 46 to end 45. This 
would cause arm 29 on resistor {8 to move from 
point 28 to point 27. This causes the poten- 
tial on grid 36 of tube 17 to be that shown in 
wave form 66’. This in turn causes the sweep 
on the “R scope” to begin at time 73’. The end 
of the pulse in wave form 11’ would end at time 
19’. This would cause the gate as seen on the 
screen of “R scope” 7 to jump to the left hand 


side of the “R scope" screen, but since the sweep i 


starts at a later time, the target pip will still 
be centered in the gate. The gate can then be 
made to follow the target in range as the range 
increases until the target reaches time 92. At 
this time arm 43 will again cross over between 
ends of resistor 44 and contact arm 29 on re- 
sistor {8 will move to point 28. The operation 
of the circuit is very similar if the range to the 
target is decreasing and, therefore, needs no ex- 
planation. Arm 43 of resistor 44 will turn in a 
reverse direction, and contact arm 29 will move 
over the contact points in the reverse order. 
Under normal conditions a target. usually 
would not appear at a range that would cause 


it to be centered in the depression caused by the. 


pulse in wave form 82. In many cases the target 
would not be present on the “R scope" T because 
the “R scope” displays only a very small portion 
of the time base of the “A scope” 6 shown in 
Fig. 1. It would be convenient if a pip appeared 
on the time base of the “A scope” to indicate the 
position in time of the pulse 84 in wave form 82. 
This is accomplished. by. applying the output of 
multivibrator 47 to the “A scope" 6. In order 
to. measure range to any target pip appearing on 
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8 
the “A scope'".6, the. pip caused by pulse 84: is: 
made to coincide: with. the selected target pip by: 
adjusting. contacts. 43:.and..28. When the. pip: 
caused by pulse 84 is made to coincide with the. 
target. pip on the "A. scope” 6, the portion of 
the “А scope" sweep. selected for display оп. ће 
“R scope” will contain the target echo so that; 
the exact coincidence between the gate caused 
by pulse 84 and the target pip may be accom- 
plished on the “R scope” T. From this point 


-on the problem of following the target in range: 


is exactly the same as the example already de- 
scribed. I +° 

In many radio applications it may be conven-: 
ient to have a channel of a receiver gated in. 
time in such a manner that only the echoes from- 
a selected target are passed by this channel. It 
will be obvious to those skilled in the art that 
the output from multivibrator 41. may be fed to 
such a gated receiver channel to supply the gate. 
The only target signals that will pass through 
the gated receiver channel will be those targets 
that appear in the depression in the “R scope” 
time base. : ? 

The output of pulse generator-í0 is a series of. 
voltage pulses that are usually equally spaced. 
relative to time. These pulses may be fed. to. 
the “А scope" in such a manner that the pulses: 
form range marks on the time base of the “A 
scope” for visually estimating the range to any 
target appearing on the “A scope” 6. It is pos-- 
sible to arrange a suitable automatic tracking 
device such that once the depression formed: in. 
the time base of the “R, scope" by pulse 84 is 
made to coincide with a target. pip, arms 29 and 
83 will be positioned automatically so as to fol- 
low the selected target in range. E a 

From the above description it will be clear that 
in accordance with the invention, in a radar 
system of the type wherein energy pulses are re- 
currently transmitted at a regular repetition 
rate and echo pulses are received from. within 
a, predetermined maximum range in a chosen 
direction there is a range selector to provide 
gated reception of echoes from any chosen dis- 
tance in the range and to indicate and measure 
the chosen distance. This. selector is comprised 
of- means for generating during each time in- 
terval of the repetition, and in particular dur- 
ing an interval immediately following the trans- 
mission of an energy pulse, a gating potential 
interval, by means of the unit 9, corresponding 
іп time duration to the maximum range. There 
are:also provided means responsive to the gating 
potential for generating during the gating. in- 
terval a potential of saw-tooth wave form, the 
unit 15, and for generating a sequence of time- 
spaced pulses, the unit 10, which represents a 
scale of distance. There is also. provided a con- 
trol potential, the potentiometer 18 and switch 
31, which is adjustable in steps, each potential 
step corresponding in order to a pulse in the 
sequence. - 

Also there is provided means comprising tubes 
33 and 17 and multivibrator 38 which are respon- 
sive to the saw-tooth potential and a selected 
one of the potential steps to generate a selector 
pulse corresponding approximately to the ma- 
jor integral part of a. chosen distance, this. se- 
lector pulse having a duration encompassing a 
time interval during which a corresponding one 
of the time-spaced pulses occurs. There is also 
provided the means, vacuum. tube 12, which is 
responsive to the coincidence of the selector pulse 
and the time-spaced pulses to select one of the. 
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time-spaced pulses corresponding exactly to the 
major integral part of the chosen distance. 

Also, there are provided means comprising 
generator 40 for generating a time base and unit 
42 for generating a vernier pulse, the time base 
representing the interval between the selected 
pulse and the following pulse in the sequence. 
In addition, there is provided delay means com- 
prising a variable potential, the potentiometer 
44, for adjusting the occurrence of the vernier 
pulse to a chosen time in the last-named in- 
terval to correspond to the fractional or vernier 
part of the chosen distance. Also, there is pro- 
vided means, the gate connection to receiver 8 
in Fig. 1, for utilizing the vernier pulse to gate 
the reception of the radar for the chosen dis- 
tance and means comprising the oscilloscope 1 
for indicating the vernier pulse relative to a re- 
‘eeived echo from the chosen distance. In ad- 
.dition, there are provided means, shown as a 
counter in 5 of Fig. 1, for indicating the selected 
potential step and the selected variable poten- 
tial to provide a measure of the selected dis- 
tance. 

While there has been described what is at 
present considered the preferred embodiment of 
-the invention, it will be obvious to those skilled 
in the art that various changes and modifica- 
tions may be made therein without departing 
from the invention, and it is, therefore, aimed 
іп the appended claims to cover all such changes 
and modifications as fall within the true spirit 
‚апа scope of the invention. 

I claim: 


1. A circuit employing a plurality of cathode 3 


ray tubes for displaying time delay information 
and for applying a gate to a receiver channel, 
said circuit comprising means for supplying a 
-synchronizing pulse, gate generator means re- 
sponsive to said synchronizing pulse, pulse gen- 
erator means responsive to the output of said 
gate generator means, first saw tooth generator 
means, a first control means comprising a vari- 
able voltage divider and a cathode follower, com- 
bining means for combining the output. of said 
first saw tooth generator and the output of said 
first control means, first multivibrator means re- 
-sponsive to the output of said combining means, 
an electronic coincidence tube for combining 
‘the outputs of said pulse generator means and 
'said first multivibrator means, second control 
-means, second multivibrator means responsive to 
said second control means and the output of said 
"coincidence tube, a third multivibrator means 
responsive to the output of said second multi- 
“vibrator means, a second saw tooth generator 
means responsive to the output of said coin- 
cidence tube, a plurality of cathode ray tubes, 
-radio receiver means, means for applying at least 
a portion of the output of said pulse generator 
means to at least: one of said cathode ray tubes, 
means for applying at least a portion of the out- 
-put of said second saw tooth generator to at 
least one of said cathode ray tubes, means for 
-applying the output of said third multivibrator 
means to at least one of said cathode ray tubes, 
means for applying at least a portion of the out- 
put of said third multivibrator means to said 
receiver means, and means connected with said 
first and second control means for indicating the 
-time interval between said synchronizing pulse 
‘and: a pulse in the output of said third multi- 
vibrator means. 

2. A circuit for producing a marker signal at 
.a predetermined time after a. reference signal, 
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said circuit comprising a means for providing 
said reference signal, gate generator means re- 
sponsive to said reference signal, pulse generator 
means for producing voltage pulses at predeter- 
mined intervals of time, said generator means 
being responsive to the output of said gate gen- 


-erator means, saw tooth generator means re- 


sponsive to the output of said gate generator 
means, first control means comprising a variable 


voltage divider and a cathode follower stage, 


electronic combining means for combining the 
output of said first control means and the out- 
put of said saw tooth generator means; first 
multivibrator means responsive to the output of 
said combining means, an electronic coincidence 
tube for combining the output of said pulse gen- 
erating means and the output of said first multi- 
vibrator means, second control means, second 
multivibrator means responsive to the output of 
said coincidence tube and said second control 
means, means for producing said marker signal, 
said last-mentioned means being responsive to 
the output of said second multivibrator, and 
means connected with said first and second con- 
trol means to indicate the time interval between 
said marker signal and said reference signal. 
3. A circuit for displaying the information 
contained in a predetermined portion of the time 
base of one cathode ray tube on a second cath- 
ode ray tube and means for causing an indica- 
tion to move in a predetermined manner across 
the time base of at least one of said cathode 
ray tubes, said circuit comprising means for 
supplying a synchronizing pulse, gate generator 
means responsive to said synchronizing pulse, 
first pulse generator means for producing volt- 
age pulses at predetermined intervals of time, 
said first pulse generating means being respon- 
sive to the output of said gate generator, saw 
tooth generator means responsive to the output 
of said gate generator means, first control means, 
first combining means for combining the output 
of said saw tooth generator means and said first 
control means, second pulse generating means 
responsive to the output of said first combining 
means, second combining means for combining 
the output of said first pulse generator and the 
output of said second pulse generator means; 
second control means; third pulse generator 
means, said generator means being responsive 
to said second control means and the output of 
said second combining means; sweep generator 


‘means, said generator means being responsive 


to the ouput of said second combining means; 
fourth pulse generator means responsive to the 


_output of said third pulse generator means; a 


first and second cathode ray tube; means for 
applying a signal to said first and second cath- 
ode ray tube; means for applying the outputs of 
said sweep generator means and said fourth 
pulse generator means to said second cathode 
ray tube. 

4. A circuit for causing a marker signal to 
occur at a predetermined time after a reference 
signal, the time interval between said marker 
signal and said reference signal being continu- 


-ously adjustable, said circuit comprising means 
-for providing said reference signal; gate gen- 
-erating means responsive to said reference sig- 


nal; first pulse generator means for producing 
voltage pulses at predetermined intervals of 
time, said first pulse generating means being 
responsive to the output of said gate generating 
means, saw tooth generator means responsive 
to the output of said gate generator means, first 
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control means, first combining means for com- 
bining the output of said saw tooth generator 
means and the output of said first control means, 
second pulse generator means responsive to the 
output of said first combining means, second 
combining means for combining output of said 
first pulse generator means and the output of 
Said second pulse generator means; second con- 
-trol means, third pulse generator means respon- 
Sive to output of said second combining means 
and said second control means, means for pro- 
ducing said marker signal, said last-méntioned 
means being responsive to the ouput of said third 
pulse generator means. | 

5. A circuit for displaying the information 
contained in-a predetermined portion of the 
‘time ‘base of a first cathode ray tube on a sec- 
ond cathode ray tube, said circuit comprising 
means for supplying a synchronizing pulse, gate 


‘generator means responsive to said synchronizing < 


pulse, first pulse generator means for producing 
voltage pulses at predetermined intervals of 
time, said first pulse generating means being 
responsive to-the output of said gate generator, 
saw tooth generator means responsive to out- 
put of said gate generator, a first control means, 
first combining means for combining the output 
of said saw tooth generator and said first con- 
trol means, second pulse generating means, sec- 
ond combining means for combining the output 
of said first pulse generator and the output of 
said second pulse generator; sweep generator 
means, said sweep generator means being re- 
'Sponsive to the output of said second combining 
means, first and second cathode ray tubes, means 
for applying a signal to said first and second 
cathode ray tubes, and means for applying the 
output of said sweep generator means to said 
second cathode ray tube. 

. 6. A circuit for producing a marker signal] 
at a predetermined time after a reference signal, 
the time between said marker signal and said 
reference signal being variable in steps, said 
circuit comprising means for providing said 
reference signal; gate generating means respon- 
Sive to said reference signal; first pulse gener- 
ator means for producing voltage pulses at pre- 
determined intervals of time, said first pulse 
generating means being responsive to the out- 
put of said gate generating means; saw tooth 
generator means responsive to the output of said 
gate generator means; first control means; first 
combining means for combining the output of 
said saw tooth generator means and the output of 
‘said first control means; second pulse generator 
“means responsive to the output of said first com- 
bining means; second combining means for com- 
bining output of said first pulse generator means 
and the output of said second pulse generator; 
and means responsive to said second combining 
means for producing said marker signal. 

7. A circuit for displaying the information 
contained in a predetermined portion of the 
time base of one cathode ray tube on a second 
“cathode ray tube and means for causing an in- 
dication to move in a predetermined manner 
'across the time base of at least one of said 
câthode ray tubes, said circuit comprising means 
for supplying a synchronizing pulse; a step delay 
circuit responsive to said synchronizing. pulse 
said step delay circuit comprising a generator 
of equally time-spaced pulses and a pulse se- 
lector circuit; a vernier delay circuit responsive 
to the output of said step delay circuit; sweep 
generator means responsive to the output of said 
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Step delay circuit; pulse generator means re- 
sponsive to the output of said vernier delay cir- 
cuit, a first and second cathode ray tube, means 
for applying a signal to said first and second 
cathode ray tube, means for applying the out- 
puts of said pulse generator means and said 
sweep generator means to said second cathode 
ray tube. ze : 

8. A circuit for causing a marker signal to 
occur at a predetermined time after a reference 
signal, said circuit comprising means for pro- 
viding said reference. signal; a step delay circuit 
responsive to said reference signal said step 
delay circuit comprising a generator of equally 
time-spaced pulses and a pulse selector circuit; 
a continuously variable vernier delay circuit re- 
sponsive to the output of said step delay circuit; 
means for producing said marker signal, said 
means being responsive to the output of said 
vernier delay circuit; and means connected with 
said step delay circuit and said vernier delay 
circuit for indicating the time interval between 
said marker signal and said reference signal. 

9. A circuit for causing a marker signal to 
occur at a predetermined time after a reference 
Signal, said circuit comprising means for pro- 
viding said reference signal, a plurality of delay 
means connected in series, at least one of said 
delay means comprising a generator of equally 
time-spaced pulses and a pulse sélector circuit 
which is responsive to said reference. signal pro- 
viding means, means for producing said marker 
Signal, said last-named means being responsive 
to at least one of said delay means. 

10. In a radio object detection’ system of the 
type wherein energy pulses are recurrently trans- 
mitted at a regular repetition rate and echo 
pulses are received from within a predetermined 
maximum range in.a chosen direction, a range 
selector to provide gated reception of echoes 
from any chosen distance in said range and to 
indicate and measure said distance comprising, 
means for generating, during each time interval 
of said repetition, a gating potential interval 


§ corresponding in time duration to said maximum 


range, means responsive to said gating potential 
for generating during said gating interval а p0- 
tential of saw tooth wave form and a sequence 
of time-spaced pulses representing a scale. of 
distance, a source'of control potential adjustable 
in steps, each potential step corresponding in 
order to a pulse in said sequence, means respon- 
sive to said saw tooth potential.and a selected 
one of said potential steps to generate a selector . 
pulse corresponding approximately to the major 
integral part of a chosen distance, said selector 
pulse having а duration encompassing a time 
interval during which a corresponding one of 
said time-spaced pulses occurs, means respon- 
Sive to the coincidence of said selector pulse 


.and said time-spaced pulses to select one of said 


time-spaced pulses corresponding exactly to said 
integral part of said chosen distance, means re- 


‘sponsive to said selected pulse for generating a 


time-base and a vernier pulse, said time base 
representing the interval between said selected 
pulse and the following pulse in said sequence, 
delay means comprising a variable potential for 
adjusting the occurrence of said vernier pulse 


to a chosen time in said last-named interval -to 


correspond to the fractional or vernier part of 
said chosen distance, means for utilizing said 
vernier pulse to gate the reception of the echo 


"pulses for said distance, means for indicating 
“Said vernier pulse relative to a received echo 
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‘from said distance and means for indicating the 
‘selected potential step and the selected variable 
potential to provide a measure of said selected 
distance. 
il.In a radar system of the type wherein 
"energy pulses are recurrently transmitted at a 
regular repetition rate and.echo pulses are re- 
ceived from within a predetermined range in a 
chosen direction, a range selector to provide 
gated reception of echoes from any chosen dis- 
'tance.in said range and to indicate and measure 
said distance comprising, means for generating 
in an interval corresponding to said maximum 
range during each time interval of said repeti- 
tion a potential of saw tooth wave form and a 
seqüence of time-spaced pulses representing a 
scale. of distance, a source of control potential 
adjustable in: steps, each potential step corre- 
.sponding in order to a pulse in said sequence, 
means responsive to said saw tooth potential and 
`a selected one of said potential steps to generate 
a selector pulse corresponding approximately to 
the major integral part of a chosen distance, said 
-selector pulse having a duration encompassing a 
:time interval during which.a corresponding one 
of said time-spaced pulses occurs, means respon- 
sive to the coincidence of said selector pulse and 
said time-spaced pulses to select one of said 
time-spaced pulses corresponding exactly to said 
integral part. of said chosen distance, means re- 
sponsive to said selected pulse for generating. a 
time base and a vernier pulse, said time base 
representing the interval between said selected 
pulse and the following pulse in said sequence, 
delay means comprising a potential varying 
“means for adjusting the occurrence of said ver- 
nier pulse to a chosen time in said last named 
‘interval which correspond to the fractional or 
vernier part of said chosen distance, means for 
"utilizing said vernier pulse to gate the reception 
‘of echo pulses for said distance, means for indi- 
cating said vernier pulse relative to a received 
écho pulse from said distance, and means for 
indicating the selected potential step and the 
selected variable potentìal to provide a measure 
of said selected distance. : 
` 92. In a radar system of the type wherein 
energy pulses are recurrently transmitted at a 
regular repetition rate and echo pulses are re- 
ceived from within a predetermined range ina 
chosen direction, & range selector to provide 
gated reception of echoes from any chosen dis- 
tance in said range and to indicate and measure 
said distance comprising, means for generating, 
during each time interval of said repetition, a 
potential of saw tooth wave form and a sequence 
of time-spaced pulses representing a scale of dis- 
tance a source of control potential adjustable in 
steps, each potential step corresponding in order 
to a pulse in said sequence, means responsive to 
said saw tooth potential and a selected one of 
said potential steps to generate a selector pulse 
corresponding approximately to the major inte- 
gral part of.a chosen distance, said selector pulse 
having a duration encompassing a time interval 
during which a corresponding one of said time- 
spaced pulses. occurs, means responsive to the 
coincidence of said selector pulse and said time- 
spaced pulses to select one of said time-spaced 
pulses corresponding exactly to said integral part 
of said chosen distance, means responsive to said 
selected pulse for generating a time-base and a 
vernier pulse, said time base representing the 
interval between said selected pulse and the fol- 
lowing pulse in said sequence, delay means com- 
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prising a variable potential for adjusting the 
occurrence of said vernier pulse to a chosen time 
in said last named interval which corresponds to 
the fractional or vernier part of said chosen dis- 
tance, means for utilizing said vernier pulse to 
gate the reception of said radar for said dis- 
tance, means for indicating said vernier pulse 
relative to a received echo from said distance, 
and means for indicating the selected potential 
step and the selected variable potential to pro- 
vide a. measure of said selected distance. 

13. In a radar system of the type wherein 
energy pulses are recurrently transmitted at a 


-regular repetition rate and echo pulses are re- 


ceived from. within a predetermined range in a 
chosen direction, a range selector to provide. 
gated reception of echoes from any chosen dis- 
tance in said range and to indicate and measure 
said distance comprising, means for generating, 
during each time interval of said repetition a 
potential of saw tooth wave form and a sequence 
of time-spaced pulses representing a scale of 


distance, a source of control potential adjustable 


in steps, each potential step corresponding in 
order to a pulse in said sequence, means respon- 
sive to said saw tooth potential and a selected 
one of said potential steps to generate a selector 
pulse corresponding approximately to the major 
integral part of a chosen distance, said selector 


pulse having a duration encompassing a time 


interval during which a corresponding one of 
said time-spaced pulses occurs, means responsive 
to the coincidence of said selector pulse and said 
time-spaced pulses to select one of said time- 
spaced pulses corresponding exactly to said inte- 
gral part of said chosen distance, means respon- 
sive to said. selected pulse for generating a time 
pase and a vernier pulse, said time base repre- 
senting the interval between said selected pulse 
and the following pulse in said sequence, delay 
means comprising a variable potential for ad- 
justing the occurrence of said vernier pulse to a 
chosen time in said last named interval to corre- 
spond to the fractional or vernier part of said 
chosen distance, means for indicating said ver- 
nier pulse relative to a received echo from said 
distance and means for indicating the selected 
potential step and the selected variable poten- 
tial to provide a measure of said selected dis- 
tance. 

14. In a radar system of the type wherein 
energy pulses are recurrently transmitted at a 
regular repetition rate and echo pulses are re- 
ceived from within a predetermined range in a 
chosen direction, a range selector to provide gated 
reception of echoes from any chosen distance in 
said range and to indicate and measure said 
distance comprising, means for generating, dur- 
ing each time interval of said repetition, a poten- 
tial of saw tooth wave form and a sequence of 


- time-spaced pulses representing a scale of dis- 
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tance, a source of control potential adjustable 
in steps, each potential step corresponding in 
order to a pulse in said sequence, means respon- 
sive to said saw tooth potential and a selected 
one of said potential steps to generate a selector 
pulse corresponding approximately to the major 
integral part of a chosen distance, said selector 
pulse having a duration encompassing a time 
interval during which a corresponding one of said 
time-spaced pulses occurs, means responsive to 
the coincidence of said selector pulse and said 
time-spaced pulses to select one of said time- 
spaced pulses corresponding exactly to said inte- 
gral part of said chosen distance, means respon- 
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sive to said selected pulse for generating a time 
-base and a vernier pulse, said time base repre- 
senting the interval between said selected pulse 
and the following pulse in said sequence, delay 
means comprising a variable potential for ad- 
justing the occurrence of said vernier pulse to a 
chosen time in said last named intervalto corre- 
spond to the fractional or vernier part of said 
chosen distance, means for utilizing said vernier 
pulse to gate the reception of said radar for said 
distance and means for indicating the selected 
potential step and the selected variable poten- 
-tial to provide a measure of said selected distance. 
15. In a radar system of the type wherein en- 
ergy pulses are recurrently transmitted at a 
regular repetition rate and echo pulses are re- 
ceived from within à predetermined maximum 
range, a range selector to provide gated recep- 
tion of echoes from any chosen distance in said 
range and to indicate and measure said dis- 
tance comprising, means for generating, during 
each time interval of said repetition, a gating po- 
tential interval corresponding in time duration 
to said maximum range, means responsive to 


‘said gating for generating during said gating in- о 


terval a sequence of time spaced pulses repre- 
senting a scale of distance, means for selecting 
one of said time-spaced pulses corresponding to 
the major integral part of a chosen distance in 


said range, means responsive to said selected ; 


pulse to generate a vernier pulse, in adjustable 
time relation to said selected pulse, and means 
for utilizing said venier pulse to gate the re- 
ception of said radar for said distance and to 
indicate said distance. 

, 16. In a radar system of the type wherein en- 
ergy pulses are transmitted and echo pulses are 
received from within a predetermined maximum 
range, a range selector to provide gated recep- 
tion of echoes from any chosen distance in said 
range and to indicate and measure said distance 
comprising, means for generating, during the 
time immediately following the transmission of 
a pulse, a gating potential interval correspond- 
ing in time duration to said maximum range, 
means responsive to said gating potential for 
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‘generating during said gating interval a sequence 


of equally time-spaced pulses representing-a scale 
of distance, said means comprising a normally 
inoperative. generator of narrow pulses, means 
for selecting one of said time-spaced pulses cor- 
responding to the major integral part of a chosen 


‘distance in said range, means responsive to said 
‘selected pulse to generate a vernier pulse having 


a chosen delay ‘relative to said selected pulse 
which corresponds to the fractional or vernier 
part of said chosen distance, and means for 
utilizing said vernier pulse to gate the reception 
of said radar for said distance and to indicate 
said distance. 

17. In a radar system of the type wherein 


‘energy pulses are transmitted and echo pulses 


are received from within a predetermined maxi- 
mum range, a range selector of echoes from any 
chosen distance in said range comprising, means 
for generating, during a time interval immedi- 
ately following the transmission of a pulse, a 
gating potential pulse corresponding in time 
duration to said maximum range, means respon- 
sive to said gating potential pulse for generating ` 
during said time interval a sequence of time 
spaced pulses representing a scale of distance, 
and means for selecting and utilizing one of said 
time-spaced pulses. to provide an ‘indication of 
said chosen distance in said range, 
EDWIN G. SCHNEIDER, 
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